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ABSTRACT
Twenty one genotypes of pigeon pea were evaluated in a randomized complete block design during the kharif season of
2007-08, 2008-09 and 2009-10 based upon number of primary branches per plant, pod length, number of grains per pod,
100-seed weight and seed yield per plant. The stability was studied by deploying AMMI (additive main effects and
multiplicative interaction) model. The significant differences among the years were observed and measured more than
50% of the treatment sum of squares. First principal component axis (PCA1) of the interaction captured more than 60% of
the interaction sum of squares for almost all the traits studied. The mean seed yield per plant was found highest (39.15 g)
and at par similar in all the three years. Nine stable and high yielding genotypes viz., PUSA 2003-1; CORG-2001-5;
WREG- 28; PANT-A-286; H-94-6; GT 101; ICPL-99004; ICPL-85010 and UPAS-120 exhibited stable performance under
the rainfed environmental conditions for more than one traits studied and also under more than one year.

Key words: AMMI model, Pigeon pea, Rainfed, Stability.

INTRODUCTION
Pigeon pea [Cajanus cajan (L.) Millspaugh]

occupies an important place  under rain-fed agriculture
among sub-tropical grain legumes (Saxena et al. 2010). It
can be grown under wide climatic conditions and also can
be intercropped with virtually any crop with no allelopathic
effect on the main crop (Baskaran and Muthiah, 2005).
Globally, pigeon pea is cultivated on 4.86 million hectares
area with production of 4.10 million tones and productivity
of 844 kg/ha (FAOSTAT, 2011). In India, after chick pea,
pigeon pea is the second most important pulse crop and it
contributes more than 85% of the world production and
consumption (Danekar et al. 2014). Pigeon pea is a rich
source of vegetarian protein (22%) and plentiful sulphur
containing amino acid. It is consumed in the form of split
pulse as ‘dal’. Besides this, in tribal areas of various states,
the consumption of pigeon pea as green vegetable is very
common (Saxena et al. 2010). Moreover, it plays a critical
role in maintaining the soil fertility by fixing the atmospheric
nitrogen and by falling down the dry leaves of pigeon pea
on the soil surface.  Pigeon pea is affected by various abiotic
stresses during its life cycle such as moisture, temperature,
photoperiod and mineral stresses. Among stresses, moisture
stress is common because pigeon pea is grown as a rain-fed
crop (Chaudhary et al. 2011).There is higher possibility that
a genotype performing well under non-stress conditions will
also perform well under moisture stress even if the relative

yield reduction is large. An ideal genotype for moisture stress
environment must combine reasonably high yield potential
with stress-specific plant characters that buffer yield against
severe moisture stress (Blum, 1983). The phenotype of an
individual plant is determined by both its genotype and
environment. These two effects are not always additive
because of the presence of genotype and environment
interaction (GEI), measured as inconsistent performance of
a genotype across environments. The G x E interaction is an
important aspect of plant breeding (Freeman, 1985). An ideal
or stable variety should have high mean yield with low degree
of GEI, when grown over varied environment. Several
methods have been put forwarded to analyze GEI and
phenotypic stability. These methods can be classified into
two major groups, viz. univariate and multivariate stability
statistics. Among multivariate methods, the additive main
effects and the multiplicative interaction analysis (AMMI)
model is widely used in GEI studies for different crops (Singh
et al. 2000 and Crossa et al. 1990) to separate the additive
portion from interaction by way of an analysis of variance.
This model discriminates clearly between main and
interaction effects and usually desirable in order to make
reliable yield estimations (Gauch, 1992). AMMI biplot
analysis is considered to be an effective tool to detect the
GE interaction patterns graphically. The AMMI model
describes the GE interaction in more than one dimension
and it offers better opportunities for interpreting GE
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interaction than analysis of variance (ANOVA) and regression
of the mean (Vargas et al., 2001). In AMMI model, firstly,
the main additive effects of genotype and environment are
considered by variance analysis and then are analyzed by
principal characteristics of remain value from variance
analysis model (Gauch and Zobel, 1997). In fact, AMMI
model follows three basic principles: i) it is an appropriate
model for primary analysis of performance tests. ii) It explains
the effect of genotype x environment and iii) performance
estimate is done by more accuracy. In the above perspectives,
present study was therefore, aimed to estimate the stability
analysis and suitability along with adaptability of 21 pigeon
pea genotypes evaluated during three years in foot hills of
Manipur by using AMMI analysis.
MATERIALS AND METHODS

The experimental material comprised of 21
genotypes of pigeon pea  collected from three locations
namely, G.B. Pant University of Agriculture and Technology,
Pantnagar, International Crops Research Institute for the
Semi-Arid Tropics, Hyderabad and Indian Institute of Pulses
Research, Kanpur, India. The genotypes were evaluated in a
randomized complete block design with three replications
during kharif 2007-08, 2008-09 and 2009-10 under rainfed
field conditions at Langol farm, Imphal, Manipur. (42.54º N,
93.5º E and 774 m above sea level.). The soil of experimental
field was sandy loam with pH 5.5.  Each plot consisted of
two rows of 4 m long. The spacing between row to row and
plant to plant was kept 60 cm and 20 cm respectively.
Standard agronomic practices were followed to raise the
normal crop in each year. The observations were recorded
on five randomly selected plants from each genotype mainly
for yield component traits such as; number of primary
branches/plant, pod length (cm), number of grains/pod, 100-
seed weight (g) and seed yield/plant (g).The stringent
phenotyping were imposed for stability analysis over the
years. The data were subjected for analysis of genotype-
environment interaction with AMMI model by considering
the first two principal components in SAS 9.2 and IRRISAT
4.3 software (IRRI, 2002). AMMI is powerful tool for
analysis of G x E interactions that utilizes standard analysis
of variance and principal component analysis (PCA) to
identify the patterns in the data (Gauch, 1992, 2006, Yan
and Rajcan (2002).
RESULTS AND DISCUSSION

The AMMI analysis of variance of 21 pigeon pea
genotypes evaluated for 3 consecutive years (2007-2010) is
presented in Table 1. The partitioning of total sum of square
revealed that years effects were predominant followed by G
x E interaction and genotype effect. Generally, AMMI model
showed significant differences for the years and that
accounted more than 50% of the total sum of square (SS) for
all the traits under study excepting for seed yield/plant (0.8%),
100- seed weight (23.3%) and number of grains/pod (27.4%).
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A large sum of squares for the years indicated that the effect
of the years were diverse and variable in nature with large
differences among years, causing most of the variation for
yield and its component traits. The contribution of G x E
interaction to the TSS was found to be 30.2% excepting the
seed yield/plant (1.1%) which was larger than those
contributed by genotypes alone (20.9%). However, highest
variation of the TSS was contributed by genotype (98.1%)
for seed yield/plant than other traits.

The ANOVA for primary branches/plant explained
60.5% variation due to differences in environment while
genotypes and G x E interaction captured 20.2% and 19.3%
respectively. Similarly, ANOVA for the pod length revealed
62.4% proportion of variance due to differential response
of environments followed by G x E interactions (24.9%)
and due to genotypic effects alone (12.6%). In case of pod
length, magnitude of G x E was ~ 2 times higher than the
genotype effect across the years (Table 1). Our results are
also supported with findings of Rashidi et al. (2013).
However, Tolessa et al. (2013) reported that G x E interaction
effect was almost four times greater than the genotype effect.
Similar to this the ANOVA for number of grains per pod
showed that G x E interaction accounted the largest (42.2%)
percentage of total sum of squares followed by genotype
effect (30.3%) and environment (27.4%). Similarly, ANOVA
for 100-seed weight explained that the largest portion of
variation was captured by G x E interaction (43.3%),
followed by genotypic response (33.4%) and due to
environment (23.3%). Eventually, it indicated that both of
the traits contributed much of the variance, owing to G x E
interaction and genotypes.

AMMI analysis of variance for seed yield/plant
showed that major portion of variance of the TSS was
captured by genotypic effect (98.1%) while only a small
portion of the total sum of squares was attributed by G x E
interaction (1.1%) and environment (0.08%). A larger SS
for genotype effect indicated that the genotypes were varied
with large differences among the genotypic means. The small
proportion of SS for environment showed that the difference
among the environmental means was not very high. The
magnitude of sum of squares due to G x E was 89 times
smaller than genotype, indicating that the differences in the
response of the genotypes across years were not substantial.
These findings are also in agreement with Mukherjee et al.,
(2013).

The AMMI analysis showed presence of G x E
interactions and this has been partitioned among the first
and second IPCA (Interaction Principal Components Axes).
The results from AMMI analysis (Table 1) revealed that the
first IPCA captured more than 60% of the interaction sum
of squares for all the traits excepting for the pod length.
However, second IPCA explained more than 25% of the GEI
sum of squares. Furthermore, IPCA 1 and IPCA 2 had higher Ta
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sum of squares than genotype except seed yield/plant. The
mean squares for IPCA 1 and IPCA 2 were significant (P =
0.01) and cumulatively contributed to more than 90% of the
total GEI. Thus prediction assessment indicated that AMMI
with two interaction principal component axes was the best
predictive model (Zobel et al., 1988).
IPCAs crossover and non-cross over interaction :
Interaction principal component axes (IPCAs) scores of
genotypes and environments exhibited positive and negative
values (Table 2). It is obvious that a genotype with larger
positive IPCA score in some environments must have larger
negative interaction in some other environments. Thus, these
scores showed varying genotype response (Yan and Hunt,
2001; Mohammadi et al., 2007), which was the major source
of variation for any crossover (qualitative) interaction. This
inconsistent genotype response is referred to as crossover
GE interaction for convenience. In contrary, scores with the
same sign or  near zero represent a non-crossover
(quantitative) GE interaction or a proportionate genotype
response as reported by Mohammadi and Amri (2008);
Farshadfar, (2008).
AMMI stability value (ASV):  AMMI stability values
(ASV) were calculated in order to quantify and rank the
genotypes according to their yield stability. This measure
was proposed by Purchase et al. (2000). In fact, ASV is the
distance from zero in a two dimensional scatter gram of
IPCA1 (interaction principal component analysis axis 1)

scores against IPCA2 scores. In ASV method, a genotype
with least ASV score will be most stable. According to Bajpai
and Prabhakaran (2000), genotypes should be ranked based
on the stability index (SI) which brings both mean value as
well as AMMI stability value on same platform and thus
could be more fruitful as compared to considering alone
AMMI stability values. We presented herein stable genotypes
for each trait separately for year 2007, 2008 and 2009.
Number of primary branches/plant: For mean performance
across different years ICPL-99004, ICPL-88034 and ICPL-
85010 were found to be superior. As far as AMMI stability
value is concerned, AL-1491 and Phule T-8020 were
promising. ICPL-99004 and ICPL-85010 were also superior
when stability index was estimated (Table 3). In the Figure
1, the best genotype with respect to year 2007 was genotype
UPAS-120 (21) and TT-302 (3). Genotype Pusa-2003-1 (1),
Pant A-286 (10) and WREG-28 (6) were best for year 2008
whereas genotypes ICPL-85010 (20) and GT-101 (15) were
best for year 2009.
Pod length (cm) :  For mean performance across different
years ICPL-98015, ICPL-88034 and UPAS-120 were found
to be superior. For AMMI stability value H-82-1, WREG-
28, TT-302 and ICPL-99004 were high performing
genotypes. Among these H-82-1 and ICPL-98015 had also
shown low score as far as stability index is concerned. The
best genotype with respect to year 2007 was genotype ICPL-
85010 (20) and ICPL-98015 (17). The genotype H-94-6 (11)

 
Seed yield/plant (g) 100-seed weight (g) 

 
 

Number of grains/pod Pod length (cm) Number of primary branches/plant 

Fig 1: AMMI 2 biplot of 21 pigeon pea genotypes using genotypes and environment scores.
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was best for year 2008 whereas genotypes UPAS-120 (21)
and CORG-2001-5 (2) were best for year 2009. (Figure 1)
Number of grains/pod :  Genotypes viz., GT-101, UPAS-
120, ICPL-98015 and ICPL-87 were found to be superior
as far as mean value is concerned. For AMMI stability value
AL-1491, H-97-24 and ICPL-88034 were high performing
genotypes. Among these UPAS-120 and ICPL-87 had also
shown low score as far as stability index is concerned.
Genotype viz., WREG-28 (6) and Pusa-992 (8) were best
performing genotype with respect to year 2007. Genotype
H-94-6 (11) and ICPL-99004 (19) were best for year 2008
whereas genotypes UPAS-120 (21) and CORG-2001-5 (2)
were best for year 2009. (Figure 1)
100-seed weight (g) :  For this trait, ICPL-88034,  H-94-6
and WREG-31 had high seed weight throughout different
years. UPAS-120 followed by WRGE-31 and Phule T-8020
had shown stable behaviour as far as AMMI stability value
is concerned. WREG-31, Pant A-286 and H-94-6 had also
shown low score for stability index. Genotypes viz., ICPL-
99004 (19) and Pusa-2003-1 (1) were best performing
genotypes with respect to year 2007. Genotypes TT-302 (3)
and Pant A-286 (10) were best for year 2008 whereas
genotypes GT-101 (15) and H-82-1(9) were best for year
2009. (Figure 1)
Seed yield/plant (g) :  The average seed yield per plant for
the year 2007, 2008 and 2009 were 28.18, 29.15 and 29.10
g respectively. UPAS-120, ICPL-88034, PA-134 and GT-
101 had shown more seed yield per plant throughout different

years. ICPL-99004 followed by ICPL-85010 and H-97-24
had shown less scores for AMMI stability value (Table 3).
GT-101, H-97-24, UPAS-120 and ICPL-85010 were more
stable with high mean yield as shown by stability index. The
AMMI 1 biplot with the main effects plotted against the IPCA
1 scores explained 65.9% of the G x E interaction SS. The
average seed yield/plant for the 21 genotypes in each year
measured was 28.18 g in 2007, 29.15 g in 2008 and 29.10 g
in 2009. (Figure 1)

Based upon all the five traits studied and
performance over the three years, we have selected some
higher yielding and stable genotypes for  rainfed
environmental conditions. The ICPL 85010 (based upon pod
length in the year 2007 and number of primary branches per
plant in the year 2009); WREG-28 (no. of grains/pod in year
2007 and primary branches in year 2008); PUSA 2003-1
(hundred seed weight in year 2007 and primary branches in
year 2008); PANT A-286 (primary branches and hundred
seed weight in the year 2008); H-94-6 (pod length and
number of grains per pod in the year 2008); ICPL 99004
(hundred seed weight in the year 2007 and number of grains
per pod in the year 2008); UPAS-120 (primary branches per
plant in the year 2007 and pod length as well as number of
grains per pod in the year 2009); GT 101 (primary branches
and hundred seed weight in the year 2009); and CORG-2001-
5 were best stable genotypes as based upon pod length as
well as number of grains per pod in the year 2009.

Genotypes 100-seed weight (g) Seed yield/plant (g)
          Mean   Rank IPCA 1 IPCA 2  A.S.V Rank S. I. Mean Rank IPCA 1 IPCA 2    A.S.V Rank S. I.

value value value value
PUSA 2003-1 8.21 21 ×0.48 0.42 0.79 13 34 30.80 7 ×0.17 ×0.10 0.26 4 11
CORG 2001-5 9.50 10 0.11 ×0.13 0.20 3 13 29.72 11 0.19 ×0.09 0.27 6 17
TT-302 9.13 15 0.31 0.53 0.68 12 27 22.97 18 ×0.16 0.71 0.74 17 35
PHULE- T -10 9.35 12 ×0.79 0.78 1.34 19 31 25.85 17 ×0.60 0.08 0.84 18 35
H 97-24 9.32 13 ×1.32 ×0.03 1.83 21 34 30.00 8 0.17 0.03 0.24 3 11
WRGE-28 8.50 19 ×0.36 ×0.03 0.49 9 28 26.16 16 ×0.36 0.15 0.52 12 28
PHULE T-8020 8.46 20 ×0.08 0.19 0.22 4 24 32.38 5 0.65 1.13 1.44 21 26
PUSA-992 8.77 18 0.76 0.33 1.10 16 34 29.15 13 0.38 ×0.15 0.55 13 26
H-82-1 9.94 7 0.81 0.10 1.13 17 24 22.66 19 ×0.77 ×0.11 1.07 19 38
PANT- A-286 10.24 6 0.22 0.36 0.47 8 14 29.79 9 ×0.50 0.25 0.74 16 25
H 94-6 10.61 3 0.36 0.23 0.55 10 13 17.89 21 ×0.85 0.01 1.18 20 41
WRGE-31 10.51 4 ×0.02 ×0.16 0.16 2 6 26.42 14 0.20 ×0.38 0.48 8 22
AL-1491 9.74 8 0.13 0.19 0.26 5 13 30.85 6 0.29 ×0.27 0.48 9 15
ICPL-87 9.04 16 ×0.30 ×0.09 0.42 7 23 26.31 15 0.48 ×0.02 0.66 15 30
GT-101 9.19 14 0.87 0.19 1.22 18 32 34.09 4 ×0.17 ×0.10 0.26 5 9
PA-134 9.37 11 0.17 0.16 0.28 6 17 35.64 3 0.14 ×0.47 0.51 10 13
ICPL-  98015 9.57 9 ×0.48 ×0.61 0.90 15 24 29.27 12 0.26 ×0.31 0.47 7 19
ICPL- 88034 11.26 1 0.50 ×1.29 1.47 20 21 35.66 2 0.40 ×0.12 0.57 14 16
ICPL-99004 10.30 5 ×0.48 ×0.55 0.87 14 19 20.44 20 0.01 0.02 0.02 1 21
ICPL-85010 10.65 2 0.03 ×0.56 0.56 11 13 29.75 10 0.07 ×0.08 0.13 2 12
UPAS-120 8.77 17 0.05 ×0.02 0.07 1 18 39.21 1 0.35 ×0.19 0.52 11 12

Table 3 Continue.............
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The results of this investigation proved that
IPCC crossover and non-cross over interaction along
with AMMI stability value (ASV) and stability index
(SI) are suitable stability indices for discriminating
stable genotypes with h igh mean per formances.
Stability index which incorporate ASV and mean
performances in a single non-parametric index is most
desirable for discriminating the most stable genotypes
with high performance.
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